ABSTRACT OBJECTIVE: To examine the prevalence and characteristics of medical deviceYrelated pressure injuries (MDR PIs) in a large, generalizable database. METHODS: This study is a retrospective analysis of the 2016 International Pressure Ulcer Prevalence data. Data were limited to US and Canadian facilities. Facilities included acute care, long-term care, rehabilitation, long-term acute care hospitals, and hospice. Analysis included 102,865 adult patients; 99,876 had complete data and were the focus of the analysis and are reported in the results below. RESULTS: The overall PI prevalence was 7.2% (n = 7189), and the facility-acquired prevalence was 3.1% (n = 3113). The prevalence of MDR PIs was 0.60% (n = 601), which included both mucosal and nonmucosal MDR PIs. In this study, 75% of MDR PIs were facility acquired, whereas non-MDR PIs were most commonly present on admission. Facility-acquired MDR PIs formed 3 days faster than facility-acquired non-MDR PIs (12 vs 15 days; P G .05). By stage, most MDR PIs were superficial (58% were Stage 1 or 2), 15% were deep-tissue PIs, and 22% were full-thickness PIs (Stage 3 or 4 or unstageable). The most common anatomic locations for MDR PIs were the ears (29%) and the feet (12%). The most common devices associated with MDR PIs were nasal oxygen tubes, 26%; other, 19%; cast/splints, 12%; and continuous positive airway pressure/bilevel positive airway pressure masks, 9%. CONCLUSIONS: Because MDR PIs form faster than non-MDR PIs, timely proactive assessment and prevention measures are critical. Most MDR PIs occurred at the face and head region, and the ears specifically. The most common devices linked with MDR PIs were oxygen tubing and masks, making assessment and prevention efforts critical for patients who require those devices.
INTRODUCTION
Medical devices are an integral part of care of persons in all healthcare settings. Some medical devices such as endotracheal tubes are found primarily in acute care, whereas other devices such as oxygen masks, urinary catheters, cervical collars, tracheostomy tubes/ties, compression stockings, and nasogastric tubes, to name a few, are found across care settings. Pressure injuries (PIs) that form because of medical devices are a clinical phenomenon that deserves the attention of healthcare professionals.
The National Pressure Ulcer Advisory Panel (NPUAP) has been instrumental in raising awareness of the PIs that are caused by medical devices. In 2016, the NPUAP defined a medical deviceY related PI (MDR PI) as arising "from the use of devices designed and applied for diagnostic or therapeutic purposes. The resultant pressure injury generally conforms to the pattern or shape of the device." 1 The NPUAP also distinguished MDR PIs from PIs found on the mucosal membrane; these are PIs that are "found on mucous membranes with a history of a medical device in use at the location of the ulcer." 1, 2 Both definitions indicate that www.npuap.org. 3 Moreover, the NPUAP 2014 Clinical Practice Guideline 4 included recommendations on identifying patients at risk of MDR PIs, how to assess those patients, and how to prevent MDR PIs. This was an advancement from the 2009 guideline that had only 1 recommendation on MDR PIs associated with repositioning techniques. 5 The Wound, Ostomy and Continence Nurses Society included recommendations about medical devices in its 2017 position paper on unavoidable PIs; it proposed that research was needed to "investigate device-related pressure ulcers across the lifespan in all healthcare settings" and "conduct studies to describe devicerelated injuries and determine the risk factors as a basis for developing risk assessment tools, best practices, quality improvement initiatives, and safe material to prevent the injuries." 6 This study responds to this call for research by examining the prevalence and characteristics of MDR PIs. This includes investigating the likelihood of the PI to be present on admission or facility acquired and the distribution of MDR PIs by PI stage, anatomic location, and device type.
Literature Review
Prevalence and incidence data about PIs have been reported in the literature. 7Y15 VanGilder et al 13 recently reported a decrease in both overall and facility-acquired PIs from an analysis of the International Pressure Ulcer Prevalence (IPUP) survey. The overall prevalence of PIs in all US healthcare settings decreased from 13.5% in 2006 to 9.3% in 2015, and in acute care, the overall PI prevalence was 13 Prevention of any PI, including those arising from medical devices, is desirable. To gauge the success or failure of PI prevention, facilities must assess their own incidence and prevalence rates and track changes in those numbers over time. Knowing the overall prevalence rates of MDR PIs allows facilities to benchmark and track their performance as it compares with other like facilities. However, finding information on MDR PIs for benchmarking purposes is difficult. The 2 NPUAP publications on PI prevalence and incidence do not have a dedicated chapter on MDR PIs, requiring researchers to look for information on MDR PIs throughout each chapter. 10, 11 Services such as the IPUP survey allow facilities to track their own prevalence over time and compare their numbers with similar facilities and unit types. 20 They reported that just under one-third (29%) of the serious PIs were device related. 20 The types of devices that were associated with development of MDR PIs were cervical collars or braces (22%), other types of immobilizers (17%), oxygen tubing (13%), stockings or boots (12%), and nasogastric tubes (8%). 20 They also examined the stage of the MDR PI when it was discovered and found that more than half (53%, n = 39) were unstageable, 5.4% (n = 4) were Stage 1, 20% (n = 15) were Stage 2, 20% (n = 15) were Stage 3, and 1.4% (n = 1) were Stage 4.
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The 2010 retrospective study by Black et al 21 from a single medical center in the United States reported that 5.3% of patients (113 of 2079) in critical care, step-down, or medical-surgical units developed facility-acquired PIs. They found that 1.3% of the patients studied had at least 1 facility-acquired MDR PI. 21 Of the facility-acquired MDR PIs, 5% were Stage 1, 32% were Stage 2, 24% were unstageable, 6% were DTPIs, and 3% were Stage 3.
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They did not observe any Stage 4 PIs. 21 Coyer et al 22 28 The prevalence of all unhealed PIs in the first quarter of 2017 was 7.5%. 28 However, the CMS does not separately report the prevalence of MDR PIs in sections M0210-M0900. 28 The CMS does, however, report PIs on oral mucosa in a different section of the MDS (L0200C) and reported that PIs on oral mucosa had a prevalence of 0.2%. 28 However, this prevalence included more than MDR PIs on the mucosa; it also includes oral masses and lesions such as those that form under dentures. 28 Therefore, this number might provide an inflated estimate of MDR PIs on the mucosa, and the number of MDR PIs in long-term care as reported by CMS on either mucosa or skin is still unknown. Medical deviceYrelated PIs are an important problem in the pediatric population. 29Y32 Fujii et al 29 studied PI risk factors and rates in 7 neonatal ICUs in Japan. Of the 14 PIs that developed in 13 infants, 7 were located on the nose. 29 Data by Boesch et al 30 from a children's hospital in the United States reported a reduction of MDR PIs in children with tracheostomies from 8.1% to 2.6% during implementation of a prevention care bundle and ultimately to a low of 0.3% after bundle implementation. A 2014 study of 741 neonatal ICU patients in a children's hospital in the United States reported 28 patients developed PIs where 39 were caused by medical devices (79.6%). 31 Infants who were born earlier (ie, fewer weeks of gestation) were more likely to have MDR PIs compared with infants with non-MDR PIs or conventional PIs. [31] [32] [33] Given the small sample sizes of the few studies described previously, this study contributes to the literature by providing an in-depth analysis of MDR PIs using a large, robust sample of patients across healthcare settings with facility-acquired MDR PIs and MDR PIs present on admission. Because prevention and treatment guidelines are different for pediatric populations, 32 this study focused on adult populations.
METHODS International Pressure Ulcer Prevalence Survey
The IPUP survey has been conducted since 1989. 7 It is an in- 12 and were therefore the focus of this study. Analyses were performed on the preexisting database and limited to adult patients/residents (918 years old) who were hospitalized or resided in US or Canadian facilities. Analyses were limited to 2016 data, which allowed correlation between MDR PI and the type of device thought to be associated with the injury. To account for patients with multiple PIs, there were 2 types of analyses performed: (1) a patient-level analysis, and (2) a PI-level analysis. These analyses were further limited to patients for whom the survey responder completed data regarding the stage of the PI, the anatomic location of the PI, and whether the PI was present on admission or facility acquired. To analyze which devices were most frequently associated with MDR PIs, MDR PIs for which the survey responded did not list a device were coded as "other/unknown." Primary analyses consisted of summary statistics (eg, counts, percentages, averages, and SDs). A t test was used to compare MDR PIs to non-MDR PIs based on days until facility-acquired PIs developed. W 2 tests were used to determine whether the distribution of MDR PIs versus non-MDR PIs was significantly different by care setting, whether the PI was present on admission or facility acquired, injury stage, and anatomic location. Significance was set to .05 for all analyses. This study was reviewed by the Schulman institutional review board (reference #201701754) and found to be exempt.
RESULTS
The 2016 survey included 117,988 patients in 1115 facilities. Limiting the data set to US and Canadian adults yielded 102,865 patients (Table 1) . Of these, 10,179 patients had PIs, for an overall prevalence of 9.9%. Facility-acquired PI prevalence was 3.7% (n = 3763). The MDR PI prevalence for all subjects, regardless of whether or not they had complete data, was 0.65% (n = 668). Because the surveys are self-reported, some of the data fields were not completed for some subjects. Therefore, to further analyze the data, subjects were limited to those who had complete data for PI stage, anatomic site, and whether the PI was facility acquired or present on admission. This yielded 99,876 patients; 7189 had a PI, and 601 patients had an MDR PI (0.60% prevalence).
Data comprised patients from acute care units (89%), longterm care (5.8%), rehabilitation units (3.5%), long-term acute care hospitals (1.4%), and hospice units (0.2%). The MDR PI prevalence by care setting is reported in 
Present on Admission Versus Facility Acquired
Of the 804 MDR PIs, 75% (n = 604) were facility acquired, and 25% (n = 200) were present on admission. Of the 10,847 non-MDR PIs, 35% (n = 3825) were facility acquired, and 65% (n = 7022) were present on admission (Table 1 and Figure 1 ). The MDR PIs were 2.1 times more likely to be facility acquired than non-MDR PIs. A W 2 test revealed that the distributions shown in Figure 1 are significantly different from each other (W 2 = 505, P G .001). Survey responders were asked to report the number of days the patient was in the facility before the facility-acquired PI was discovered. A t test found that facility-acquired MDR PIs formed on average 3 days faster than non-MDR facility-acquired PIs (t = 2.1, P G .05; Table 3 ). The average number of days recorded before a non-MDR facility-acquired PI formed was 15 (SD, 22) days, but the average number of days recorded before a facility-acquired MDR PI formed was 12 (SD, 16) days (Table 3 ). The sample sizes for this analysis are reduced because the survey responders occasionally did not fill in the number of days before a facilityacquired PI was discovered.
Stage
The total number of PIs are broken out by stage in Table 4 and visualized in a bar graph in Figure 2 . Of the 10,847 non-MDR PIs identified, the most frequent stage was Stage 2 (32%), followed 
Anatomic Site
Tabulations of both non-MDR PIs and MDR PIs by anatomic location of the wound are presented in Table 5 and visualized in a pie chart in Figure 3 . Of the 10,847 non-MDR PIs identified, the most frequent PI anatomic sites were the pelvic area (60%), followed by the lower extremities (33%), the back (2.5%), the upper extremities (1.8%), and the face/head (1.3%). The remaining 1.4% were recorded as "other." Of the 804 MDR PIs identified, the most frequent wound locations were on the face and head (51%)Vthe ears (29%) and nose (10%) specifically. This was followed by the other location groups: the lower extremities (27%), the pelvic area (7.5%), the upper extremities (3.0%), and the back (1.5%). The remaining 10% were recorded as "other." Notably, more than half (51%) of MDR PIs are located on the head or face, but only 1.3% of non-MDR PIs are in those areas. Most of the MDR PIs on the face or head were on the ears (29%, n = 230). A W 2 test reveals that the distributions across the locations do differ significantly for MDR PIs as compared with all non-MDR PIs (W 2 = 4800, P G .001).
Device Type
If survey responders identified a PI as device related, they were also instructed to identify what device was associated with the PI. In some cases, no device was chosen and these PIs were coded as "other or unknown" devices. Tabulations of MDR PIs by device type are listed in Table 6 . The MDR PIs were most frequently associated with nasal oxygen devices (32%, n = 258), where 26% (n = 213) were associated with how the device interacted with the ears, and the other 5.6% (n = 45) were associated with how the device interacted with the nose. The next most frequent devices listed were casts and splints (12%), followed by CPAP or BiPAP masks (9.0%), then sequential compression devices (7.7%), endotracheal tubes (7.5%), tracheostomy neck plates (5.5%), nasogastric tubes (5.0%), and finally cervical collars (2.4%). No MDR PIs were associated with halo devices, and 19% of MDR PIs did not have a device filled out on the survey and so were coded as other or unknown. 
PERCENTAGE OF PRESSURE INJURIES PRESENT ON ADMISSION VERSUS FACILITY ACQUIRED
Abbreviation: MDR PI, medical-device related pressure injury.
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Most MDR PIs are facility acquired; however, there are variations by device. For instance, of the 60 MDR PIs associated with endotracheal tubes, 90% (n = 54) were facility acquired. However, of the 44 MDR PIs associated with tracheostomy neck plates, only 59% (n = 26) were facility acquired. A stacked bar graph displays the differences (Figure 4 ).
DISCUSSION
Because this study's sample represents many care settings (academic medical centers, community hospitals, long-term care facilities, long-term acute care hospitals, rehabilitation, and even hospice units), it is challenging to compare results with more narrowly defined settings. This broader representation might have resulted in a lower overall prevalence of MDR PIs of 0.60%. This was lower than the 1.4% reported by Black et al 21 in an academic acute care medical center that was limited to patients without a PI present on admission. It was also lower than the 3.4% in ICU patients reported by Coyer et al 22 and the 26.7% reported by Amirah et al. 24 The lower prevalence might also reflect the positive impact of the NPUAP's effort to raise awareness of MDR PIs and the impact of successful PI prevention efforts. Study authors did find preliminary evidence of differences in prevalence of MDR PIs across care settings (Table 2) . However, these results should be interpreted with caution because the sample sizes of MDR PIs in nonYacute care settings were small. Similar to past studies of MDR PIs, these prevalence numbers do not distinguish between MDR PIs on the skin versus those on the mucosa. Future work should take this into account and report prevalence of both types of MDR PIs. The IPUP survey has been reworded such that this will be possible going forward.
There are different levels of analysis available to authors to determine the impact of a specific PI type. In a previous IPUP study, 12 the relative proportion of all identified PIs (multiple PIs per patient are counted) that were MDR PIs was reported at 9.1% in acute care settings (2009 data), which was higher than the current study (6.9% of all documented PIs in a generalized care setting). In addition, 48% of MDR PIs were facility acquired in the previous analysis, as compared with 75% of MDR PIs in this study. These results may differ because of the addition of postYacute care settings. However, in the 2016 IPUP data, acute care settings made up 89% of the sample, so it is unlikely that the additional care settings explain the entire difference. Longitudinal studies are needed to know whether MDR PI prevalence has decreased over time and whether that decrease can be attributed to increased education and/or better guidelines from the NPUAP regarding MDR PIs. 2 Moreover, the present study included data from Canada as well as the United States, and future research is needed to know whether the inclusion of a section on medical devices in the newly released best practice guideline by Wounds Canada will also have an impact on MDR PI prevalence in Canada. 34 The present study found that MDR PIs were more likely to be facility acquired than non-MDR PIs (75% vs 25%). VanGilder et al 12 found that 48% of the MDR PIs from the 2009 acute care
IPUP data (785 of 1631) were facility acquired. Again, the present study included more than acute care settings, which might account for this difference. Study authors also found that facility-acquired MDR PIs developed faster during the course of admission than non-MDR facility-acquired PIs (12 vs 15 days, P G .05). This finding is new to the literature and highlights the importance of identification of patients at risk of MDR PIs and implementation of prevention strategies. By stage, MDR PIs had higher percentages than non-MDR PIs in the following categories: Stage 1 (28% vs 20%), DTPIs (15% vs 13%), and indeterminable (3.7% vs 0.85%). The MDR PIs had lower percentages in the following categories: Stage 2 (30% vs 32%), Stage 3 (7.5% vs 9.4%), Stage 4 (1.4% vs 9.1%), and unstageable PIs (13% vs 15%). The percentage of MDR PIs reported as an "indeterminable" stage might reflect the fact that PIs on the mucosa cannot be staged. The 2016 survey data form Abbreviations: DTPI, deep-tissue pressure injury; MDR PI, medical deviceYrelated pressure injury.
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did not include an option for mucosal PI. This is problematic because survey coordinators may have opted to mark mucosal PIs as indeterminable, or they might have left the stage field blank.
If they left the field blank, they would have been dropped from this analysis for incomplete data. This revelation led to the decision to discontinue the indeterminable option on the data form and replace it with a field for PIs on the mucosal membrane for future IPUP surveys.
In their studies of facility-acquired MDR PIs, Black et al 21 and Arnold-Long et al 25 found that the ears were the most common location (35%), which is similar to the result in the present study that ears were the most common location (230 of the 804 MDR PIs, or 29%). The devices most commonly associated with MDR PIs were nasal oxygen tubes, which affected both the ears and nose for a total of 32%. The results of the present study differ from ICU studies reported by both Coyer et al 22 and Amirah et al, 24 which found endotracheal or nasogastric tubes to be the most common devices related to PIs. In the present study, endotracheal and nasogastric tubes comprised 7.5% and 5.0% of the MDR PIs, respectively, across all care settings. Of the MDR PIs captured in this study, 28% were recorded in ICU settings, as opposed to the aforementioned studies, 22, 24 which exclusively studied ICU settings. It is likely that a generalized population uses different devices than the ICU population. The current study results also differed from Apold and Rydrych, 20 who reported that the most common devices associated with serious PIs in acute care were cervical collars or braces (22%). The present study found that cervical collars were the second least frequent device related to an MDR PI (2.4%). This difference is possibly linked with the differences in stages of PIs included in the analysis. 
PERCENTAGE OF PRESSURE INJURIES BY STAGE
Abbreviations: DTPI, deep-tissue pressure injury; MDR PI, medical device-related pressure injury. Future research is needed to explore the relationship between type of device and the depth of tissue involved of the MDR PI; certain devices might be associated with higher PI numerical stages. Unfortunately, the IPUP survey did not collect data on the use of medical devices for patients who did not have an MDR PI. Therefore, it was not possible to examine the percentage of patients with a given device who developed an MDR PI. As the relative proportion of those patients using nasal oxygen tubing in the studied care settings to those who developed MDR PIs is unknown, it cannot be known whether they are more of a causative device than other device types.
This study has some important clinical implications because the devices that have been identified as associated with MDR PIs are very common in clinical practice. This study found that in a generalized, large database of patients, the most common anatomic PI sites were the ears, and the most commonly associated devices were nasal oxygen tubes. However, previous studies have shown that the devices most commonly associated with MDR PIs vary substantially with care setting. To enable standardization, future work should capture the number of patients with each type of device and how many of them later developed an associated MDR PI. This percentage would standardize results across care settings by accounting for how frequently (or infrequently) certain devices are used in different care settings.
This study also found that it is particularly critical to be proactive in assessing MDR PIs, because facility-acquired MDR PIs form faster than facility-acquired non-MDR PIs. Providers must select devices that protect the skin whenever possible, apply the right device and apply it appropriately, assess the skin/tissue under the device frequently, and mitigate any early signs of PI.
Limitations
There are several important limitations to this work. First, the survey teams had limited options regarding the device field for MDR PIs. The survey should have included an "other" or "unknown" device option, which would have allowed researchers to determine whether the survey responder did not know the type of device or if they left the question blank for some other reason. Second, choices for anatomic sites did not include "lips" or "mouth" to yield more information about the location of MDR PIs, particularly of those that were likely to be a mucosal PI.
Third, survey coordinators could choose "indeterminable" as a PI stage. This category might have included mucosal PIs; however, interpretation is limited because the intent of the survey coordinator was not captured in the form. Relatedly, mucosal PI was not listed as a staging category to allow the nonstaged mucosal PIs to be correctly recorded. Mucosal PIs have been added in the 2017 survey.
Fourth, only adults were included in this analysis, and further research is warranted in the pediatric population.
Fifth, the IPUP survey focuses primarily on acute care settings, and therefore, these sample sizes from each setting were quite small, making it infeasible to examine differences in characteristics of MDR PIs across care settings. Studies using large samples from nonYacute care settings are needed to know whether these results can be generalized beyond acute care.
Finally, the current analysis was limited to self-reported data from facilities that choose to participate in the IPUP survey. There might be differences in mandated reporting versus voluntary reporting of PIs.
CONCLUSIONS
Medical devices are common in all clinical environments, and their use is associated with the formation of MDR PIs. 1, 2 This study found that the prevalence of MDR PIs was 0.6%, which was lower than previously reported. The lower prevalence might reflect the positive impact of the NPUAP's effort to raise awareness of MDR PIs and the impact of successful PI prevention efforts. Most MDR PIs were facility acquired (75%) and were commonly located on the ears (29%) and the feet (12%). The devices most commonly associated with MDR PIs were nasal oxygen tubes (32%), which affect both the ears and the nose. Finally, this study reinforces existing guidelines on the early assessment and treatment of MDR PIs 4 by finding that facilityacquired MDR PIs form on average 3 days faster than facilityacquired non-MDR PIs. 
